Most studies on habitat selection among animals are conducted at local scales, whereas reliable determination of species requirements at larger spatial scales can be problematic. We used data available for NATURA 2000 sites to determine the habitat requirements of two relatively widespread and common species-pine marten Martes martes and stone marten Martes foina-in Southern Europe. Using presence-absence data, we applied statistical models at two spatial scales. At the local scale (within the dispersal distances of the species), sites occupied by martens were compared with unoccupied sites using buffers of different sizes, whereas at the regional scale, unoccupied sites were selected randomly. To adjust for spatial autocorrelation of data, penalised quasi-likelihood approximations were used. Both species of martens demonstrated preferences for areas with higher proportions of forest cover and steeper terrain. At the local, but not at the regional, scale, pine martens occurred at lower elevations, whilst stone martens occurred at higher elevations. We found that climatic variables (mean temperature, precipitation) had no significant effect on the presence of the martens. The results of our analyses generally confirmed findings of previous studies on habitat selection of both marten species in Southern Europe. This demonstrates the utility of data collected for NATURA 2000 sites for use in various analyses such as conservation planning and evaluating the impact of climate change on the distribution of animal species.
Introduction
Understanding habitat requirements is fundamental for improving species' management and conservation strategies (Law and Dickman 1998; Debinski and Holt 2000; Boyce et al. 2003) . Patterns of habitat selection depend on the scale of analysis: at the landscape scale, habitat selection is regulated by geological and historical processes, and human-induced influences, whereas at the fine scale, it depends on decisions made by individual organisms that directly affect their fitness (Mayor et al. 2009 ). Although results of analyses at broader spatial scales usually suffer from a lack of adequate replication and often present patterns rather than processes, they provide context for interpreting results obtained at smaller scales (Bissonette 1997) .
Most studies of carnivore habitat selection have been conducted at small, local scales and only a few at national scales (Virgos et al. 2012) . Reliable determination of species requirements at large spatial scales is difficult, mainly due to data collection limitations. The methods used to analyse specieshabitat relationships vary and include observations (e.g. from museum records), telemetry (VHF and GPS), remote monitoring (camera traps) and the more recently developed noninvasive DNA sampling and molecular techniques (e.g. Wereszczuk and Zalewski 2015; Vergara et al. 2016; Balestrieri et al. 2016; O'Mahony 2017) . Telemetry or remote monitoring data are usually collected from relatively small areas (e.g. Wereszczuk and Zalewski 2015) . In contrast, observational data covering larger areas are often collected nonsystematically and can be biased by various factors (e.g. by the distribution of observers). The data collected for NATURA 2000 (N2K) sites, available in standard data forms (SDF), provide a unique opportunity to analyse habitat selection at different spatial scales, as the data contains not only information about the occurrence of different species but also an extensive description of the site and its ecology. To test the suitability of these records for determining habitat requirements, we decided to use data on a pair of relatively widespread and common species-the European pine marten Martes martes and the stone marten Martes foina.
Pine and stone martens are closely related medium-sized mustelids. Their distribution extensively overlaps in continental Europe (Proulx et al. 2004) ; however, the stone marten occurs from Southern to Eastern Europe whereas the pine marten also occurs in Northern Europe, which suggests it is better adapted to cold climates. Both species are morphologically and ecologically similar, with comparable life history characteristics (Mead 1994; Sato et al. 2012; Monterroso et al. 2016) . Despite many similarities, these species differ with respect to their environmental preferences (Virgos et al. 2012) and in extreme cases they use completely separate habitats (Wereszczuk and Zalewski 2015) . Generally, the pine marten is considered a habitat specialist that primarily associates with forests and avoids the vicinity of humans (Clevenger 1994; Caryl et al. 2012; Lombardini et al. 2015; Wereszczuk and Zalewski 2015 ; but see Balestrieri et al. 2010) , whereas the stone marten is more closely associated with agricultural, industrial and urban areas, with its occurrence less affected by human presence (Virgós et al. 2000; Rondinini and Boitani 2002) . However, the stone marten has regional intraspecific differences in habitat choice, being less associated with human settlements in Southern than in Central Europe (Sacchi and Meriggi 1995) . The pine marten density may decline, but the stone marten may accelerate expiation due to habitat loss, mainly deforestation (Caryl et al. 2012 , Wereszczuk et al. 2017 ). Thus, both species' current distribution may have been shaped by habitat preferences and anthropogenic factors in different ways (Proulx et al. 2004) .
Our goal was to analyse the habitat preferences of these two sympatric mesocarnivores that potentially compete for various resources (e.g. food or shelter), using datasets collected in N2K areas. To do this, we compared data on the presence of both species in N2K areas with habitat type, climatic conditions and landscape features. It was hypothesised that the pine marten would prefer areas with higher forest cover, lower temperature and more steep terrain than the stone marten and, in contrast, that the occurrence of the stone marten would be more affected by climatic conditions (e.g. temperature).
Material and methods

Data sources
Analyses were based on N2K data-the European network of protected areas, accessible from the web page of the European Environment Agency (EEA). Descriptive data are available as MS Access and spatial data (borders of sites) as ESRI shape files (http://www.eea.europa.eu/data-and-maps/data/natura-2000). We searched databases for information about the presence/absence of both marten species in N2K sites of Southern Europe (the Iberian, Apennine and Balkan peninsulas), which included the following countries: Spain, Portugal, Italy, Greece, Bulgaria and Romania (Fig. 1) . The analyses were restricted to these regions due to data availability, because for most of the remaining European countries, data on these species were not available or very scarce. We used SDFs published on the 12th of July 2013; thus, the marten occurrence data were collected before this date.
For all analysed sites, the centroids were determined (defined as the centre of gravity of an object) and georeferenced in the grid standard of the European Terrestrial Reference System Lambert Azimuthal Equal-Area (ETRS LAEA) projected coordinate reference system. We used the Shuttle Radar Topography Mission (SRTM) Digital Terrain Model (90-m resolution) to attribute environmental and climatic variables to the centroids (http://srtm.csi.cgiar.org/). Meteorological data (for the period 2000-2009) were downloaded from http://spirits.jrc.ec.europa.eu/. The analyses were performed in ArcGIS for Desktop Advanced 10.1 and Quantum GIS 2.0.1.
Statistical methods
Analyses were based on the database of marten presence and environmental and climate variables for 4440 N2K sites: forest cover (%), slope (%) and elevation (m above sea level), mean (for the period 2000-2009) air temperature (°C) and yearly (for the period 2000-2009) mean rainfall (mm). Initial analyses revealed some degree of correlation among factors; thus, only two uncorrelated climatic variables (mean ambient temperature and precipitation) and two uncorrelated topographical variables (slope and elevation) were selected to test the influence of climate and landform features on marten presence. Slope was chosen as a proxy for human disturbance, as steeper terrains are usually less urbanised and visited by humans; forest cover has been reported as a major variable affecting the occurrence of both martens in Southern Europe (Virgos et al. 2012) . We determined the effect of these variables on the occurrence of both marten species using generalised linear mixed models, with multivariate normal random effects and a logit link function for the binomial distribution. The response variable was coded 1 and 0, corresponding to the presence or absence of either the pine or stone marten. The area (km 2 ) of each N2K site was used as an additional variable. Prior to analysis, continuous explanatory variables were log transformed, whereas variables expressed as percentages were arcsin transformed. In all models, the region (the Balkans, Iberia, Italy) was used as a random variable. Initially, we distinguished among deciduous, coniferous and mixed forests, but preliminary analyses did not find any significant effect of these variables on the occurrence of either marten species.
To examine patterns of spatial autocorrelation of model residuals, spatial correlograms were used. We plotted Moran's I autocorrelation coefficient calculated for pairs of spatial observations against distance (5 km increment) using the ncf package (R Development Core Team 2013). Rousset and Ferdy (2014) suggested accounting for this effect when inferring fixed effects, even if autocorrelation appears nonsignificant. Generalised linear mixed models (GLMMs) were applied with spatially autocorrelated random effects and a variant of penalised quasi-likelihood approximations (PQL/ L) for the estimation of fixed effects, as recommended for binary data (Rousset and Ferdy 2014) . The Matérn autocorrelation function was used to fit the random effect of spatial distances. Initial values for correlation parameters (rho and nu are parameters of the Matérn family) were provided based on the model with the least data points (a buffer of 10 km radius; details provided in the next paragraph), whereas dispersion parameters were inferred from the current model. The significance of fixed effects was estimated using a loglikelihood ratio test. The most common procedure used to deal with spatial autocorrelation is based on penalised quasilikelihood approximations (glmmPQL), but the assumptions underlying the autologistic regression used in this algorithm have been criticised recently (Betts et al., 2009; Rousset and Ferdy, 2014) . Our preliminary analyses (results not reported) demonstrated that although penalised quasi-likelihood approximations produced similar results, the method suggested by Rousset and Ferdy (2014) was more conservative.
Analyses were based on presence/absence data and performed at two spatial scales-local and regional. At both scales, we compared N2K sites occupied by martens with random sites, where the animals were absent. The entire dataset contained over 4000 records, but only about 800 sites were occupied by martens. In order to balance the number of sites where martens were present with those where animals were absent, we applied different methods to select unoccupied areas. At the local scale, around the N2K sites where martens were present (occupied sites), we set buffers of radii 10, 15 and 20 km. These buffers encompassed various numbers of N2K sites, where the presence of martens was not confirmed by surveys (unoccupied sites). The number of unoccupied sites selected by the 10-km buffers was approximately equal to the number of occupied sites, but two times higher for the 15-km buffers and three times higher for the 20-km buffers. This means that on average there was one unoccupied site at a distance of 10 km from an occupied site, two at a range of 20 km and three at a range of 30 km. The range of the radii was within the dispersal distances of both species; thus, all unoccupied sites within the buffers could have potentially been settled by martens (Broquet et al. 2006) .
At the regional scale, within the three regions (Iberian, Apennine and Balkan peninsulas), N2K sites unoccupied by martens were selected randomly. This was done by determining different numbers of unoccupied areas from all available sites within a given region. Analogous to analyses applied at local scales, the numbers of unoccupied sites were either equal to the number of occupied sites or two or three times higher than the number of occupied sites.
All analyses were done separately for the pine and stone marten. There were only a small number of sites simultaneously occupied by both species, and the initial model failed to converge using this dataset; thus, we excluded these sites from further analyses. For the spatial analyses, we used Quantum GIS ver. 1.7.4-Wrocław (Szczepanek 2013) . All statistical analyses were performed using R software (R Development Core Team 2013), package spaMM (Rousset and Ferdy 2014) .
Results
Residuals of all examined models were spatially autocorrelated. For the pine marten, Moran's autocorrelation coefficients (Moran's I) were significant and positive for distances up to 120 km (mean Moran's I = 0.179, mean p = 0.014), and negative between 250 and 350 km (mean Moran's I = − 0.083, mean p = 0.018), whereas above 350 km, autocorrelations were not significant. Similarly, for the stone marten, autocorrelation coefficients were significant and positive for distances up to 120 km (mean Moran's I = 0.200, mean p = 0.003) and again between 320 and 480 km (mean Moran's I = 0.068, mean p = 0.003), whereas between 200 and 300 km, they were negative (mean Moran's I = − 0.044, mean p = 0.028). Generally, autocorrelation coefficients of model residuals were higher in the models constructed for the stone marten data, including the range above 500 km, most probably due to the higher number of records within each distance range. The climatic variables (mean ambient temperature and precipitation) were more spatially correlated than the environmental variables (proportion of area covered by forest, slope and elevation).
In all analyses, the area of N2K sites occupied by pine martens was significantly (p < 0.001) larger (on average two to three times) than the unoccupied sites (Table 1) . In relation to all buffer sizes and random sites, these differences were highly significant (p < 0.001). At the local scale, the occurrence of the pine marten was positively affected by percentage forest cover (on average, 58.12 vs. 43.54%) and slope (on average, 19.97 vs. 17.04°), but negatively associated with elevation (on average, 660.15 vs. 706.01 m a.s.l.) (Table 2) . Mean temperature and precipitation had no significant effect on the occurrence of this species. At the regional scale, we observed similar effects of forest cover and slope on pine marten occurrence, but the effect of elevation was opposite, i.e. pine martens more frequently occupied sites located at higher elevations than random sites (Table 1 ). The mean elevation of the occupied sites was 160 to 200 m higher than that of the unoccupied sites within the regions, but this effect was not significant (Table 3) . Also, the effect of precipitation was significant at the regional scale (Table 3) .
Regardless of the scale at which analyses were carried out, the sites occupied by the stone marten were significantly larger than the unoccupied ones (Tables 4 and 5 ). At the local scale, stone marten occurrence was significantly affected by the proportion of forest cover (except for the 10-km buffer) and slope (Table 4) . At the regional scale, stone martens also preferred sites with a higher proportion of forest cover, but Sample size (N)-the number of sites occupied and unoccupied by martens, selected using buffers or random points. Standard deviation is given in parentheses Significance of fixed effects was estimated using a log-likelihood ratio test
also those located at higher elevations and on less steep slopes, when compared with random sites (Table 5) . At the regional scale (in the 10-km buffer), sites occupied by stone martens were significantly smaller, less forested and less sloped than those occupied by pine martens (Table 6) . Climate conditions at the sites occupied by these species were not significantly different (Table 6) .
Across all buffers and for randomly selected sites, the proportion of forest cover, after adjusting for the effect of spatial autocorrelation, was positively affected by mean ambient temperature, mean precipitation, slope and elevation. The magnitude of this effect varied according to the spatial scale (local vs. regional) and species (sites associated with the pine or stone marten), but in all cases was significant. Sites with higher mean temperatures and precipitation as well as higher elevations and on more steep slopes tended to have higher forest cover.
Discussion
Our results largely confirmed the findings of previous studies on habitat selection of the pine and stone marten in Southern Europe, mainly in the Mediterranean region (Clevenger 1994; Sacchi and Meriggi 1995; Virgós et al. 2000; Balestrieri et al. 2010; Lombardini et al. 2015) . The main weakness of this approach was the quality of the data, which may differ among regions and years, because it was based both on direct observations of focal species and literature sources. Similarly, dataquality issues need to be considered in citizen science, which is becoming a widely accepted scientific method (Dickinson et al. 2010) . Despite some disadvantages, both approaches represent valuable tools for collecting large-scale data (Kallimanis et al. 2017) .
The results of habitat preferences for both marten species were relatively consistent across different scales, but with increasing buffer size and number of random sites, there was a tendency for variables unimportant at local scales to increase in significance. In particular, slope and elevation were not different for locations near sites occupied by martens, but their difference became significant when more sites were included in the comparison. The tendency of martens to occur in more steep and hilly locations has also been previously demonstrated by Virgós et al. (2000) .
According to Clevenger (1994) , pine martens do not exhibit a marked preference for forested over non-forested habitats in the absence of competitors/predators. Prigioni et al. (2008) also pointed to interspecific competition as a significant factor affecting habitat selection by martens. Therefore, the preferences of these two species for more forested and steep locations can be explained by the avoidance of either competitors/predators or a preference for areas less intensively managed or populated. The former explanation seems to be more plausible for the stone marten, considering the common occurrence of this species in urban areas, where they avoid competitors, such as foxes or badgers (Prigioni et al. 2008) . The preference of stone martens for higher elevations indicates that the distribution of this species in Southern Europe is not limited by climatic factors. On the other hand, this species can exploit areas with lower forest cover, characterised by a higher proportion of crevices and other types of shelter but see Sacchi and Meriggi 1995) . This type of habitat is less suitable for the pine marten, which prefers slightly lower elevations, with higher proportions of forest; however, pine martens also inhabit areas located at higher altitude, when compared with random locations. A similar pattern has also been observed among pine martens from Sardinia, Italy (Lombardini et al. 2015) . N2K sites occupied by either species of marten were two to three times larger than unoccupied ones. Despite the stone marten being recognised as a habitat generalist, its presence was still affected by site size. Similar effects of a patch size on this species have been demonstrated by Virgós and García (2002) . In contrast, the pine marten is considered a forest specialist (Clevenger 1994; Caryl et al. 2012; Lombardini et al. 2015) ; thus, it occupied N2K sites of even larger area. Also, it is likely that larger N2K sites are less disturbed by people; thus, they offer better conditions for both species of martens. In the study, we included only areas in the N2K network that are more or less natural ecosystems, and therefore, intensely urbanised and human-modified habitats were not analysed. Thus, we did not show the stone marten's strong preferences for urban areas, as these have been found in other studies (Santos and Santos-Reis 2010; Vergara et al. 2016) .
It cannot be excluded that similar preferences of the stone and pine marten for steeper and higher elevation locations, characterised by higher forest cover, are caused by different factors. In this way, both species may avoid competitors and predators, but whereas pine martens stay away from urban areas and arable land (Lombardini et al. 2015) , stone martens indicate some preferences for these types of habitats (Prigioni et al. 2008; Vergara et al. 2016) . The study of Rondinini and Boitani (2002) , based on observations of radio-collared stone martens in the Apennines (Italy), indicated a higher proportion of woodlands and a lower proportion of arable land within their home ranges, compared with random locations. Whereas other studies in Southern Europe have shown that stone martens avoid forests and prefer areas with higher proportions of cultivated land (Sacchi and Meriggi 1995; Vergara et al. 2016 ), other studies have indicated the importance of mosaic habitats (forest, agriculture land and rural areas) for the stone marten (Virgós et al. 2000; Rondinini and Boitani 2002; Santos and Santos-Reis 2010) . These discrepancies may result either from local differences in habitat preferences and availability of suitable environments or from the methods used for estimating the presence/absence of study species.
This comparison of site selection between the martens has provided additional insight into their habitat niche separation. N2K sites occupied only by pine martens were characterised by larger area, higher forest cover and more steep locations when compared with sites where only the stone marten occurred. The differences between species in habitat selection may reduce competition between them, but may also reflect differences in their behaviour and morphological adaptation. The pine marten is a more arboreal species than the stone marten, often climbing trees, moving in the tree canopy and using resting sites in the crown of trees (Zalewski 1997 , Goszczyński et al. 2007 ). In general, pine martens have larger home ranges than stone martens (Zalewski et al. 2006; Herr 2008) , and this may explain why the species occupies N2K sites with larger areas. The results of this study generally agree with previous findings, and the additional new findings concerning habitat selection by both martens demonstrate the usefulness of freely available NATURA 2000 site data for large-scale analyses. In addition, it offers some novel information about habitatspecies interactions in protected areas, and it is potentially suitable for other types of analyses. This type of data may be widely used, for example, in conservation planning and assessing the impact of climate change on species' ranges.
